Abstract. Glioma is the most common and aggressive type of primary brain tumor. MicroRNA (miR)-130b functions as a tumor-associated miR. The dysregulation of miR-130b is involved in numerous biological characteristics and properties of certain types of cancer. The present study revealed the function and possible molecular mechanism of miR-130b in glioma cells, reporting that the level of miR-130b was markedly higher, increasing progressively as the histologic grade of the glioma increased, compared with the level in normal tissues. Additionally, the present study demonstrated that patients with high miR-130b expression exhibited a poor 3-year survival rate and miR-130b was an independent factor for predicting the prognosis of patients with glioma. The downregulation of miR-130b reduced invasion and migration in U373 and U87 cells. Furthermore, the downregulation of miR-130b increased peroxisome proliferator-activated receptor-γ (PPARγ) expression and inhibited epithelial-mesenchymal transition (EMT) in glioma cells. The present study identified PPARγ as a direct target of miR-130b in glioma in vitro. Furthermore, PPARγ knockdown was revealed to reduce the effect on EMT caused by the downregulation of miR-130b in U87 cells. The present study demonstrated that miR-130b promotes glioma proliferation, migration and invasion by suppressing PPARγ and subsequently inducing EMT.
Introduction
Glioma is the most common and aggressive type of malignant primary cerebral tumor, exhibiting high invasive and proliferative abilities, which typically results in the failure of conventional treatment and a poor outcome, despite the combination of multidisciplinary therapies including maximal surgical resection, radiation and chemotherapy (1) (2) (3) . The median survival length of glioma in patients is <15 months under conventional treatments (4) . The World Health Organization (WHO) classification grades glioma between well differentiated low grade glioma, WHO grades I-II, and high grade anaplastic glioma and glioblastoma, WHO grades III and IV, respectively (5) . A higher grade glioma is associated with poor prognosis and increased mortality (6) . Therefore, revealing the detailed molecular mechanism and the diagnostic and prognostic markers of glioma is crucial for the prediction of clinical outcomes.
MicroRNAs (miR/miRNA) are endogenous small non-coding single strand RNAs consisting of ~22 nucleotides, which regulate gene expression at the post-transcriptional level by binding to 3'-untranslated (3'-UTR) regions of target mRNAs through complementary binding, causing translational suppression or mRNA degradation (7) (8) (9) (10) . Due to the involvement of miRs in the control of a number of diverse biological processes including cell growth (11) , apoptosis (12) and stem cell renewal (13) , numerous studies have suggested that the deregulation of miRNAs may contribute to cancer progression and development by modulating the relevant tumor suppressor and oncogenic activities (14, 15) . Furthermore, the high stability of miRNA in serum highlights the potential for diagnostic and prognostic biomarkers using expression profiles of specific miRNAs for patients with malignancy (16) .
miR-130b, a type of miR identified in previous years, has been revealed to perform an oncogenic role in liver, gastric and renal cell carcinoma, whilst being downregulated in endometrial cancer (17, 18) . miR-130b has been linked to mesenchymal differentiation and hypoxic response modulation (19) . Colangelo et al (20) reported that miR-130b performed a pivotal role in colon tumorigenesis, and elevated miR-130b in plasma was associated with a poor response to chemotherapy in colorectal cancer. However, miR-130b inhibited the proliferation and invasion of cells in pancreatic cancer by regulating the signal transducer and activator of transcription 3 (21) . It also has been demonstrated that the downregulated expression of miR-130b by p53 mutants contributes to zinc-finger E-box binding homeobox 1-dependent epithelial-mesenchymal transition (EMT) in endometrial cancer (22) . Therefore, the functional significance of miR-130b in tumorigenesis and progression is hypothetically cancer-type specific. Recently, miR-130b was revealed to regulate embryonic neural MicroRNA-130b promotes cell migration and invasion by inhibiting peroxisome proliferator-activated receptor-γ in human glioma progenitor cell proliferation and differentiation by targeting the X-linked fragile X mental retardation 1 gene (23) . Notably, miR-130b was identified as a robust biomarker of glioma with high positive predictive value (24) . However, the molecular pathways through which miR-130b modulates the development and progression of glioma have not been revealed. The present study aimed to investigate the expression and function of miR-130b in human glioma. Furthermore, the interaction of miR-130b and peroxisome proliferator-activated receptor-γ (PPARγ) was studied in order to reveal the underlying mechanisms. The data of the present study indicated that the expression level of miR-130b is significantly higher in glioma compared with normal brain tissue, and that the expression level closely correlates with WHO grading and poor survival outcome in patients. In addition, the results of the present study demonstrate that miR-130b increases the migratory and invasive behavior of glioma cells, and may contribute to tumor metastasis by inhibiting PPARγ and promoting EMT. Therefore, the present study proposes that miR-130b may be a novel therapeutic target for glioma.
Materials and methods
Ethical review. All protocols were approved by the Ethics Committee of The Fifth Affiliated Hospital of Zhengzhou University (Zhengzhou, China) according to the Declaration of Helsinki. Informed consent was obtained from all patients.
Tissue samples and cell lines. All tissue samples, including 47 males and 38 females (age range, 31-75 years; median, 54 years) were collected from patients who were undergoing surgical resection at the Department of Neurosurgery, The Fifth Affiliated Hospital of Zhengzhou University from January 2010 to December 2010 for the prospective study None of the patients were treated with radiation or chemotherapy prior to surgery. The specimens were histologically confirmed and 10, 19, 25 and 31 patients with glioma were classified as WHO I, II, III and IV (5), respectively. Furthermore, 10 types of normal brain tissue, including 7 males and 3 females (age range, 28-69 years; median, 48 years) were resected at the Department of Neurosurgery, The Fifth Affiliated Hospital of Zhengzhou University during the treatment of non-glioma diseases from January 2010 to December 2010 for the prospective study. All samples were snap-frozen in liquid nitrogen immediately following resection and stored at -80˚C.
The human glioma U87, U373, U251, T98G and SHG44 cell lines (The Institute of Biochemistry and Cell Biology, Chinese Academy of Sciences, Shanghai, China) were cultured in high-glucose Dulbecco's modified Eagle's medium (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) supplemented with 10% fetal bovine serum (Gibco; Thermo Fisher Scientific, Inc.) with 1% penicillin and streptomycin (Sigma-Aldrich; Merck Millipore, Darmstadt, Germany) in a humidified incubator at 37˚C containing 5% CO 2 .
The miRNA vectors, including the miR-130b inhibitor, the negative control for the miR-130b inhibitor and PPARγ small interfering (si)RNA (5'-AAU AUG ACC UGA AGC UCC AAG AAU AAG-3') were purchased from GeneCopoeia, Inc. (Guangzhou, China). The cells were transfected with the vectors and the aforementioned siRNA using Lipofectamine ® 2000
according to the protocol of the manufacturer (Invitrogen; Thermo Fisher Scientific, Inc.).
RNA extraction and reverse transcription-quantitative polymerase chain reaction (RT-qPCR).
Total RNA was extracted from cells and tissues using TRIzol ® reagent (Thermo Fisher Scientific, Inc.) according to the protocol of the manufacturer, and cDNA was synthesized from 2 µg RNA with the TaqMan miRNA Reverse Transcription kit (Applied Biosystems; Thermo Fisher Scientific, Inc.) and a TaqMan Human miRNA Assay kit (Applied Biosystems). The standard PCR conditions were as follows: 95˚C for 30 sec followed by 40 cycles at 95˚C for 5 sec and 60˚C for 34 sec with a final dissociation stage; the samples were run with an ABI 7300 system (Applied Biosystems; Thermo Fisher Scientific, Inc.). The relative expression of miR-130b was determined as the fold difference relative to U6. RT-qPCR primers against mature miRNA hsa-miR-130b (HmiRQP0158) and Homo sapiens small nuclear RNA U6 qPCR Primer (HmiRQP9001) were purchased from GeneCopoeia, Inc. The relative expression level of miR-130b was calculated by the 2 -ΔΔCq method and normalized to U6 small nuclear RNA (25) . Six independent experimental replicates were performed.
Western blot analysis.
A modified radioimmunoprecipitation assay buffer with protease inhibitor was used for protein isolation (Sigma-Aldrich; Merck Millipore). The protein concentrations were determined using the bicinchoninic acid protein assay kit (Pierce, Thermo Fisher Scientific, Inc.). Cell lysates containing 40 µg total protein were separated by 10% SDS-PAGE, transferred to polyvinylidene fluoride membranes (EMD Millipore, Billerica, MA, USA) and blocked with 5% non-fat milk in 0.1% Tween-20 in PBS (PBST). The membranes were then incubated with the primary antibodies against PPARγ (cat no. 2435; dilution, 1:1,000; Cell Signaling Technology, Inc., Danvers, MA, USA), E-cadherin (cat no. 14472; dilution, 1:1,000; Cell Signaling Technology, Inc.), vimentin (cat no. 5741; dilution, 1:1,000; Cell Signaling Technology, Inc.) and GAPDH (cat no. sc-293335; dilution, 1:5,000; Santa Cruz Biotechnology, Inc., Dallas, TX, USA) at 4˚C overnight. The membrane was then washed 3 times for 10 min with PBST, followed by incubation with horseradish peroxidase-conjugated goat anti-mouse (cat no. 1662408) or goat anti-rabbit (cat no. 1706516) secondary antibodies (dilution, 1:5,000; Bio-Rad Laboratories, Inc., Hercules, CA, USA) for 2 h at room temperature. The proteins were detected using Enhanced Chemiluminescence Reagent (EMD Millipore).
Luciferase reporter assay. The predicted 3'-UTR sequence of PPARγ, containing the putative binding sequences for miR-130b with a corresponding mutated target site sequence, was synthesized and inserted into the pRL-TK control vector (Promega Corporation, Madison, WI, USA). The U87 cells were seeded into a 24-well plate at a density of 8,000 cells/well and were transfected with 120 ng miR-130b inhibitor or the negative control. The cells were then cotransfected with 30 ng wild type or mutant 3'-UTR PPARγ mRNA using Lipofectamine ® 2000 according to the protocol of the manufacturer. The cell lysates were collected 48 h subsequent to transfection. The firefly and Renilla luciferase activities were measured according to the protocol of the manufacturer (Dual-Luciferase Assay system; Promega Corporation). pRL-TK expressing Renilla luciferase was cotransfected as an internal control.
Cell proliferation assay. Cellular proliferation was measured using the Cell Counting Kit-8 assay (CCK-8; Beckman Coulter, Brea, CA, USA) according to the protocol of the manufacturer. The cells were seeded in a 96-well plate at a density of 5x10 3 cells/well, and were treated with or without miR-130b transfection. At 24, 48 and 72 h, 10 µl CCK-8 solution was added to each well and incubated for 3 h at 37˚C. The absorbance rate at 450 nm was recorded using a microplate reader (Bio-Rad Laboratories, Inc.). All experiments were repeated ≥3 times.
Cell migration and invasion. Cellular migration and invasion abilities were tested using 8 µm pore-size Transwell chambers (Corning Incorporated, NY, USA). The harvested cells (1x10 5 cells/chamber in 100 µl DMEM) were resuspended in serum-free medium and seeded in the upper chamber, 750 µl DMEM supplemented with 10% FBS was added to the lower chambers, or, for the invasion assay, the upper chambers were precoated with Matrigel solution (BD Biosciences, Franklin Lakes, NJ, USA) and incubated at 37˚C for 4 h prior to the start of the invasion assay. Subsequently, the Transwell plates for the migration and invasion assays were each incubated at 37˚C for 24 h. The cells on the inner layer were removed with a cotton swab and the adherent cells on the lower surface were fixed with methanol and stained with 0.1% crystal violet for 5 min. A total of five randomly selected fields were counted randomly in each well under a light microscope (Axioskop 2 plus; Carl Zeiss Co., Ltd., Jena, Germany). Six independent experimental replicates were performed.
Statistical analysis. All data are expressed as the mean ± standard error of the mean. The SPSS statistical package for Windows version 13 (SPSS, Inc., Chicago, IL, USA) was used for the Pearson χ 2 tests and the multivariate Cox regression analysis. A two-tailed Student's t-test, Kaplan-Meier plot, log-rank test, Pearson's correlation coefficient analysis or analysis of variance were performed in order to evaluate the statistical significance using GraphPad Prism 5 software (GraphPad Software, Inc., La Jolla, CA, USA). P<0.05 was considered to indicate a statistically significant difference.
Results
Elevated miR-130b expression positively correlates with WHO grade of human glioma. The present study evaluated miR-130b using RT-qPCR, normalized against an endogenous control (U6 RNA) in normal brain (n=10) and glioma tissues (n=85). The data of the present study suggested that miR-130b expression was significantly elevated in the glioma tissue compared with the normal tissue ( Fig. 1A; P<0.01) . Furthermore, the increase in miR-130b expression was associated with the increasing glioma pathological grade of the gliomas (Fig. 1B; P<0.05). Thus, these results demonstrate that the high grade glioma overexpressed miR-130b.
Association of miR-130b expression with clinicopathological characteristic of glioma patients.
In total, 85 samples of glioma tissues underwent RT-qPCR for miR-130b expression. The present study determined the mean level of miR-130b as a cutoff value for the high or low expression level of miR-130b. As presented in Table I , the high expression of miR-130b was markedly correlated with the histological grade of the glioma (P<0.01). However, no correlations were identified between the patient gender, age or the clinical staging of the glioma (P>0.05). Thus, these results indicate that the expression of miR-130b is correlated with malignant clinicopathological characteristics in glioma.
miR-130b expression correlates with poor survival in glioma.
To determine the role of miR-130b in predicting the prognosis of patients with glioma, the present study constructed Kaplan-Meier survival curves using the overall 3-year survival data to analyze patients with high and low miR-130b. As presented in Fig. 2A , the overall survival length of patients with high miR-130b expression was notably shorter than those with low miR-130b expression (P<0.05). In addition, with respect to the patients with grades III or IV, the patients with high miR-130b expression exhibited a significantly reduced 3-year survival rate compared with the patients with low miR-130b ( Fig. 2B; P<0.05 ). These data demonstrated that miR-130b expression was associated with poor survival of glioma patients.
Furthermore, univariate analysis indicated no association between the patient survival rate and the patient age and gender (P>0.05). However, univariate and multivariate analysis indicated that miR-130b expression level and grade degree were independent prognostic factors for glioma (Table II) .
Promoting effect of miR-130b on glioma cell proliferation.
To investigate the role of miR-130b in glioma, the present study Table I . Association of miR-130b expression with the clinicopathological characteristics of patients with glioma. measured the levels of miR-130b in five glioma cell lines and observed that miR-130b expression levels were high in U373 and U87 cells, compared with in the U251, T98 G and SHG44 cell lines ( Fig. 3A; P<0.05). Therefore, U373 and U87 cells were used for the subsequent analysis, and the expression level of miR-130b in the two cells was suppressed. As assessed by RT-qPCR, the expression of miR-130b was downregulated by ectopically expressing miR-130b inhibitors in the two cell lines ( Fig. 3B; P<0 .05). The present study examined cell proliferation using a CCK-8 assay, revealing that the downregulation of miR-130b led to a significant reduction of cell proliferation in the U373 and U87 cells ( Fig. 3C; P<0 .05).
miR-130b expression level --------------------------------
These results indicate that miR-130b promotes proliferation in glioma cells.
Downregulation of miR-130b inhibits the migration and invasion of glioma cells.
Transwell assays were carried out to determine the effect of miR-130b knockdown on cell migration and invasion, with the upper chamber coated with Matrigel to mimic the extracellular matrix. The present study identified that the downregulation of miR-130b significantly reduced the cell migration and invasion ability in U373 and U87 cells ( Fig. 4A and B; P<0 .05). These data suggest that miR-130b promotes glioma cell migration and invasion. 
miR-130b promotes EMT by inhibiting PPARγ in glioma.
A previous study reported that miR-130b promotes EMT progression by targeting PPARγ in colorectal cancer (17) . The present study performed western blotting to detect the presence of PPARγ, E-cadherin and vimentin in U373 and U87 cells that were transfected with miR-130b inhibitors or the negative control. The downregulation of miR-130b was revealed to markedly restore the expression of PPARγ and increase the level of E-cadherin, but reduced vimentin expression in the two cells ( Fig. 5A; P<0 .05). To confirm that PPARγ is directly targeted by miR-130b in glioma cells, the present study performed a dual-luciferase reporter assay to explore whether miR-130b directly interacted with the 3'-UTR of PPARγ mRNA. The results of the present study showed that endogenous miR-130b inhibition increased the luciferase activity of the wild-type reporter, but not of the mutant reporter ( Fig. 5B; P<0.05 ). In addition, the knockdown of PPARγ expression by a specific siRNA negated the results induced by the downregulation of miR-130b in U87 cells ( Fig. 5C; P<0 .05). These results demonstrate that miR-130b promotes EMT progression in glioma by directly suppressing PPARγ expression.
Discussion
Glioma is the most common and aggressive type of primary brain tumor worldwide (2) . Despite developments in the diagnosis and treatment of glioma, the incidence and mortality rates remain at a high level (4) . Therefore, a complete understanding of the molecular mechanisms underlying glioma tumor initiation and progression is required to develop novel prognostic and therapeutic strategies aimed at improving the outcomes of patients with cancer. Over previous years, miRNAs have emerged as a novel class of gene regulator involved in various malignancies. Aberrant expression of a growing number of miRNAs has also been linked to the development of glioma (8, 14) . The present study provides initial support for the hypothesis that miR-130b performs a pivotal role in glioma tumorigenesis. The present study detected the expression of miR-130b in patients, and the data revealed that the expression of miR-130b was significantly higher in glioma tissues compared with in the normal tissues. Furthermore, miR-130b expression was significantly correlated with the WHO grade degree. The data of the present study indicates that a high expression of miR-130b is significantly correlated with a poor 3-year survival for patients. Multivariate Cox repression analysis demonstrated that miR-130b is an independent factor in predicting 3-year overall survival. These results indicate that a high expression of miR-130b is critical for prognosis determination in patients with glioma. In addition, the present study demonstrated that miR-130b was elevated in glioma cell lines, and the knockdown of miR-130b suppressed certain malignant behaviors including proliferation, migration and invasion of glioma cells. These results suggest that miR-130b performs a critical role in the progression of glioma.
It has emerged that the EMT is essential for migration and invasion, and the progress of EMT affects physiological conditions during tumorigenesis (26) . In particular, EMT performs a critical role in tumor dissemination (26, 27) . Therefore, the present study determined the expression of E-cadherin, an epithelial marker, and vimentin, a mesenchymal marker, using loss of function experiments. Notably, the present study found that the downregulation of miR-130b increased the E-cadherin expression level and reduced the vimentin expression level. These data indicate that miR-130b may be critical for the regulation of tumor invasion in glioma, which is consistent with the observation that the downregulation of miR-130b significantly reduced the levels of migration and invasion in U373 and U87 cells.
PPARγ is a transcription factor controlling cellular proliferation and differentiation (28) , and has been identified as a possible novel target for glioma treatment (29, 30) . Previously, it has been reported that PPARγ is a direct target of miR-130b in colorectal cancer and contributes to EMT (20) . The present study demonstrated that miR-130b binds the 3'-UTR of PPARγ mRNA in order to downregulate PPARγ protein expression, as the knockdown of miR-130b increased the PPARγ expression level and suppressed EMT in glioma U373 and U87 cells. In addition, the regulatory effect of miR-130b on PPARγ, E-cadherin and vimentin was reversed by PPARγ siRNA in U87 cells, which confirmed that miR-130b may promote EMT by inhibiting PPARγ expression in glioma.
In conclusion, the present study revealed that the expression of miR-130b is elevated in glioma, particularly in high grade tumors. High miR-130b expression is significantly correlated with poor prognosis and is an independent factor in predicting 3-year overall survival. The present study demonstrated that the downregulation of miR-130b inhibited cell proliferation, migration and invasion by restoring PPARγ expression and suppressing EMT in glioma cells. Therefore, miR-130b may be a therapeutic target in glioma.
